Recebido em 31/08/2015; aceito em 04/02/2016; publicado na web em 15/04/2016 Pequi (Caryocar brasiliense Camb.), a typical fruit of the Brazilian Cerrado, is an important source of micronutrients and fatty acids. In this work, a new approach for the acid digestion (using H 2 SO 4 , HNO 3 and H 2 O 2 ) of pequi oil samples and the determination of Cu, Fe, Zn and Mn by flame atomic absorption spectrometry (F AAS) was employed. Capillary zone electrophoresis (CZE) was used for free fatty acid (FFA) determination after simple and fast extraction with heated ethanol. Good results regarding precision (RSD < 10%, in most cases), sensitivity and adequate LOD and LOQ values were obtained. The accuracy was evaluated using spike tests and the recoveries were from 97 to 107%. The analytes were investigated in four different pequi oil samples. Fe was the trace element with the highest concentration (from 1.99 to 10.3 mg/100 g), followed by Zn, Mn and Cu (1.15 to 3.19, 0.42 to 0.91 and 0.31 to 0.56 mg/100 g, respectively). The main FFA found were oleic acid and palmitic acid (1.61 to 10.7 and 0.82 to 2.69 g/100 g, respectively), while linoleic acid (0.50 g/100 g) was detected in only one sample. The pequi oil chemical composition showed good characteristics to be used as a food additive, in cosmetic formulations and for traditional medicine.
INTRODUCTION
The Cerrado is a large and important biome in Brazil, and a wide variety of fruits grow in this region. Pequi (Caryocar brasiliense Camb.) is a tropical fruit considered to be one of the most representative species of the Brazilian Cerrado. 1, 2 This fruit contains high levels of edible oil, vitamin A, proteins and antioxidant compounds. [3] [4] [5] [6] The pequi fruit and its oil are used as ingredients in traditional dishes, mainly in the states of Goiás and Minas Gerais. Pequi oil extracted from the nut is also used in cosmetic formulations (soaps and skin emulsions) and in traditional medicine for the treatment of pulmonary diseases (cold, cough, bronchitis, asthma and influenza), lesions, gastric problems and inflammatory diseases. 4, 7 The efficiency of pequi oil in these treatments is related to its fatty acid (FA) content. The main FA found in the triglycerides of pequi fruit and oil are palmitic and oleic acids. 3, [8] [9] [10] The large amount of unsaturated FA makes pequi oil suitable for human consumption. Furthermore, pequi oil has been used in cosmetics due to its delicate color and aroma, and its high capacity for skin absorption has garnered the interest of the pharmaceutical industry. 11 For example, after in vivo tests, Quirino et al. concluded that the high concentration of oleic acid in pequi oil is important regarding the use of this oil as a therapeutic alternative in wound healing. 8 The determination of FA is an important parameter for chemical characterization and for the quality control of many products consumed in everyday life, such as edible oils. 12 FA determination is usually performed by chromatographic techniques, such as gas chromatography with flame ionization detector (GC-FID) and gas chromatography coupled to mass spectrometry (GC-MS). 2, 13 These methodologies were used by Ferreira et al. and Sena Jr. et al. for the investigation of the FA content in pequi oil. 7, 13 However, the sample preparation required for these analyses is time consuming, involving extraction of the lipid fraction, saponification, derivatization of FA to fatty acid methyl esters, and finally injection into the chromatograph. 12 In recent years, capillary zone electrophoresis (CZE) has been applied to the determination of major FA in samples such as edible oils, olive oil, soy oils, butter and margarine, with faster and simpler analytical methods since the derivatization reaction is not required during sample preparation. 12, 14, 15 However, there have been no studies in the literature involving the determination of FA in pequi oil by CZE. Furthermore, the free acidity, expressed according to the free fatty acid (FFA) content, is an important quality parameter of oil samples. 14 The pequi fruit is also an important source of micronutrients essential to human health, such as Cu, Fe, Mn e Zn. 16, 17 These micronutrients, known as trace elements, can be ingested through food and water and have a variety of biochemical functions in living organisms, but they can be toxic when taken in excess. 18 The quantification of trace elements in food samples can be performed using the flame atomic absorption spectrometry (F AAS) due to its low cost, simplicity and high analytical throughput, with samples digested by mineral acids (such as HNO 3 , H 2 SO 4 , HClO 4 , HCl) under heating. [18] [19] [20] [21] In spite of the number of studies concerning FA and trace element determinations in pequi fruit found in the literature (mentioned above), only a few studies have been devoted to the quantitative analysis of pequi oil. Within this context, the aim of the present work was to demonstrate the potential of CZE for FFA (palmitic, oleic and linoleic acids) determination in pequi oil samples using ethanolic extraction as a simple sample preparation, and to quantify the trace element levels (Cu, Fe, Mn and Zn) in these samples using F AAS, following a new acid digestion procedure.
EXPERIMENTAL

Pequi oil
Four pequi oil samples, obtained by different methodologies, were studied: commercial refined oil (oil 1) and crude oil (oil 2) were acquired from a compounding pharmacy (Belo Horizonte, Minas Gerais, Brazil); artisanal pequi oil (oil 3) was purchased from the producer in a popular market (Januária, Minas Gerais, Brazil); oil 4 was extracted from pequi fruits purchased in a popular market (Januária, Minas Gerais, Brazil). Oil 3 was obtained by cooking the pulp of the fruit in boiling water, separating the supernatant oil, drying the oil in a pan until it loses its opacity, and finally filtering the oil. Oil 4 was obtained using Soxhlet extraction with petroleum ether for 4 hours. The solvent was evaporated, leading to a yellow oil.
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Reagents and analytical solutions
All reagents were of analytical grade. Methanol and ethanol were purchased from Vetec (Rio de Janeiro, Brazil). Acetonitrile (ACN) and 1-octanol were purchased from Merck (Rio de Janeiro, Brazil ) was added and the volume was completed to 5.0 mL with ethanol at 60 °C. The volumetric flask was agitated for 1 min by vortexing. After cooling, the volume was completed to 5.0 mL again, with ethanol at room temperature. After the separation of the phases, an aliquot of the ethanolic phase (top) was injected into the CE equipment. All analyses were performed in authentic triplicates.
For the determination of trace elements by F AAS in pequi oil samples, a new acid digestion procedure was developed in order to obtain total digestion of the organic matter without the use of perchloric acid. All experiments were performed in triplicate. A blank obtained from the extraction process was also analyzed. Each oil sample (0.5 g) was weighed, and then 5.0 mL of H 2 SO 4 and 5.0 mL of HNO 3 were added. The samples were placed on a hot plate at 95 °C until the complete volume reduction (almost dryness). Then, 5.0 mL of HNO 3 was added and the release of gases (NOx) was observed. After volume reduction, 5.0 mL of HNO 3 was added again, and no release of gases was observed at this time. Aliquots of about 2.0 mL of H 2 O 2 were added (five times) until the effervescence stopped, indicating the end of the digestion of the organic fraction. The beakers were cooled to room temperature, the samples were transferred to volumetric flasks and the volume was completed with deionized water to 25.0 mL.
Instrumentation and samples analysis
CE equipment
The determination of FFA was performed using an Agilent 7100 capillary electrophoresis system (Agilent Technologies, Palo Alto, CA, USA) equipped with a diode array detector (ultraviolet indirect detection at 224 nm), temperature control device (set at 25 °C) and data acquisition/treatment software (Agilent ChemStation, Rev. B.04.03). The samples were hydrodynamically injected (12.0 mbar by 4 s), and the electrophoretic system was operated under normal polarity and constant voltage (+19 kV). Manual integration was performed using peak baselines. A fused-silica capillary tube with fluoropolymer external coating (TSH) was used (Polymicro Technologies, Phoenix, AZ, USA) with 48.5 cm length (40 cm effective length), 75 μm internal diameter and 375 μm outside diameter. Before analysis, the capillary was conditioned by pressure flushing with 1.0 mmol L -1 NaOH (15 min), deionized water (15 min) and electrolyte solution (15 min). The capillary was regenerated between runs by washing with 1.0 mmol L -1 NaOH (2 min), deionized water (2 min) and electrolyte solution (2 min). The limits of detection (LOD) and quantification (LOQ) were calculated by multiplying the value of the standard deviation of the baseline for 3.3 (LOD) or for 10 (LOQ) and by the concentration of each analyte found. The result was divided by the peak height of each analyte analyzed. 14 
F AAS equipment
The determination of trace elements (Fe, Cu, Mn and Zn) was performed using an atomic absorption spectrometer model M5 Solaar Thermo Scientific Series. The experimental conditions were: wavelength: 248.3, 324.8, 279.5 and 213.9 nm; band pass: 0.5, 0.5, 0.2 and 0.2 nm; gases: air and C 2 H 2 ; fuel flow: 1.1, 1.1, 1.3 and 1.0 L min -1 for Fe, Cu, Mn and Zn, respectively. The deuterium background corrector (D 2 ) was used during the determination of Fe, Cu, Mn and Zn. The LOD and LOQ of the trace elements determination were calculated by multiplying the value of the standard deviation (signal absorbance of the blank) by 3.3 (LOD) or by 10 (LOQ). The result was then divided by the slope of the analytical curve.
The precision of the method was verified through the relative standard deviation (RSD). Certified reference materials with similar characteristics to the samples were difficult to obtain. Thus, the accuracy of the method was evaluated using spike tests, as recommended by ANVISA. 22 Spike tests were performed at the following levels: 1.0 mmol L -1 for oleic, palmitic and linoleic acids, 2.0 mg L -1 for Cu, Fe, Mn and 1.0 mg L -1 for Zn. The analytes were added immediately after weighing the samples, in order to assess the accuracy during ethanolic extraction and acid digestion. The method was applied to four pequi oil samples.
RESULTS AND DISCUSSION
The analytical curves for analyte determination by CZE and F AAS showed good linearity, and the linear correlation coefficient (R) of the curves obtained was greater than 0.995 for all analytes. Analysis of variance (ANOVA) was used to check the lack of fit of the linear regression (Table 1) . In all cases, the absence of lack of fit of the regression for α = 0.05 was observed.
The standard concentrations in the analytical curves were in mmol L -1 for the determination of fatty acids by CZE, and in mg L Figure 1 shows the electropherograms obtained for FFA in a standard solution and in a pequi oil sample. The analysis by CZE was performed using alkaline buffers, because the species were analyzed as anions. Good separation and good peak resolution were obtained in the samples and in the standard solutions in less than 12 min.
After extraction, the pequi oil samples were introduced into the CZE equipment. During the extraction process, it was necessary to optimize the mass of the oil due to the high content of fatty acids in the pequi oil samples. The mass values studied were 1.0, 0.1 and 0.05 g. With a mass of approximately 0.05 g of pequi oil, it was possible to obtain analytical signals within the working range represented by the analytical curve. The precision and accuracy of FFA determination were evaluated and showed good results. The RSD values ranged up to 15%, due to the influence of the viscosity of the sample during the weighing process. However, RSD values were < 10% in most cases. The accuracy was verified using spike tests and presented recoveries between 98 and 105% of all the analytes investigated. The analytes were added after weighing the samples. Thus, the entire extraction method was evaluated by the spike tests. Ethanolic extraction was applied to pequi oil samples, associated with analysis by CZE, providing a simple, fast and reliable method for FFA determination, with minimal human intervention, economy of reagents and a small volu me of sample required. Table 2 presents the results for pequi oil samples after ethanolic extraction and determination by CZE. The concentration of oleic and palmitic acids ranged from 1.61 to 10.7 and from 0.82 to 2.69 g/100 g, respectively. Linoleic acid (0.50 g/100 g) was detected only in oil 4. One of the parameters evaluated for the quality of vegetable edible oils (such as olive oil) is the free acidity, expressed as the oleic acid percentage. Thus, a high FFA content indicates poor oil quality. For example, the established value for olive oil acidity is 1.0% (1 g/100 g). 14 However, there is no legislation regarding the free acidity in pequi oil, but this oil is widely used in food preparation and in traditional dishes. According to Table 2 , of the four different samples of pequi oil tested, oil 1 presented the best quality over the others, due to the lowest levels of FFA, while oil 4 presented the highest concentration of all the analyzed FFA and the highest acidity (highest oleic acid concentration). The low quality of oil 4 may be related to the decomposition of triglycerides during the extraction process.
The main FFA found in the samples were oleic acid and palmitic acid, similar to results reported in the literature regarding FA in pequi fruit and in pequi oil. 2, 7, 8, 13, 23 These studies indicate that oleic acid and palmitic acid together account for approximately 90% of the total of FA content in the triglycerides of pequi oil. In the four analyzed samples, oleic acid corresponded to approximately 67% of the analyzed FFA, while palmitic acid was approximately 32% and linoleic acid 3.6% (in oil 4). Table 3 shows the comparison between FA determination in pequi oil and in other samples found in the literature. CZE has been used to determine FFA after ethanolic extraction, while CZE and chromatographic techniques have been used to determine FA composition of triglycerides after the saponification of samples. Most studies found in the literature were devoted to quantifying FA in pequi fruit. However, pequi oil has been used in cosmetic preparations and in traditional medicine. The efficiency of pequi oil in these processes is related to its fatty acid content. In addition, pequi oil is widely used by the population to prepare traditional and regional dishes. Thus, it is important to develop methods to assess pequi oil quality. This was performed in the present work, using CZE for FFA determination in pequi oil samples, after simple sample preparation with heated ethanol.
The determination of micronutrients was performed by F AAS. The acid digestion of organic samples is usually carried out with mineral acids containing oxidant characteristics, such as HNO 3 , HClO 4 and H 2 SO 4 . H 2 O 2 is also an oxidant reagent used in the digestion of organic samples. The nitro-perchloric mixture is recommended by EMBRAPA for the digestion of samples of vegetable origin. 24 Gonçalves et al. used a nitro-perchloric mixture, while Ramos and Souza used a mixture of H 2 SO 4 , HNO 3 and HClO 4 for pequi fruit digestion. 5, 17 Nitro-perchloric digestion was also used to digest another typical Brazilian fruit (macaúba) in a digester block, as well as several food samples, like meat, vegetables and a large variety of fruits. 25, 26 Despite being an excellent oxidant agent, the use of HClO 4 requires caution, because the reaction of HClO 4 with organic matter is very violent. Furthermore, nitro-perchloric digestion is time consuming, with an overnight step of about 12 hours, or alternatively requiring the use of a digester block at high temperature for more than 3 hours. 5, 17, 25, 26 Therefore, to minimize this problem, a digestion method was proposed using H 2 SO 4 , HNO 3 and H 2 O 2 . These reagents are commonly found in research laboratories, and heating was performed using a hot plate. Thus, this method is simple and can be applied in routine analysis, avoiding the use of HClO 4 and without special bottles, a digester block or an overnight step. Although reagent expenditure is a constant concern, in this case it was not possible to minimize the amount of reagents used because the oil samples were difficult to digest and high volumes of acids were usually necessary to complete the digestion of these samples. For example, EPA method 3031, for oil samples, uses a large acid volume for sample digestion, and allows the increasing of the volume of HNO 3 proportionately, depending on analytical needs. However, method 3031 is not indicated for some important analytes, such as Fe and Mn. 27 In this study, during the digestion process, the reagents were added in several steps and the volumes were optimized in order to ensure complete digestion of the organic matter. After the addition of HNO 3 , some reddish-brown vapor (NO x ) was released. The reaction was allowed to continue until complete, which could be observed when the NO x release and effervescence (after the addition of H 2 O 2 ) stopped. Additionally, with the proposed method, it was possible to perform sample digestion quickly, i.e., within 2 hours. Figure 2 shows the comparison between nitro-perchloric digestion and the method developed in this work.
The concentrations of Cu, Fe, Mn and Zn in the four pequi oil samples are shown in Table 4 . The RSD values were < 10%, indicating satisfactory precision of the method. Spike tests showed recoveries of 101, 105, 98.7 and 107%, for Fe, Cu, Mn and Zn, respectively, indicating good accuracy and confirming the efficiency of the developed digestion method. So, it was possible to perform the determination of trace elements by F AAS in pequi oil after acid digestion without the use of perchloric acid, with good results in terms of precision and accuracy, using a simpler and safer sample preparation method.
According to the data presented in Table 4 , in the investigated oil samples, the analyte present in the highest concentration was Fe, followed by Zn, Mn and Cu. The concentrations ranged from 1.99 to 10.3, 0.31 to 0.56, 0.42 to 0.91 and 1.15 to 3.19 mg/100 g for Fe, Cu, Mn and Zn, respectively. Similar concentrations of these analytes were found by Gonçalves et al., Ramos and Souza and Silva et al. in pequi fruit. 5, 17, 21 These analytes were chosen in this work since they are of great importance in human health and are fundamental for many physiological processes. Fe is associated with the transport of oxygen to cells. Low Fe levels in the body can cause anemia, which is a serious problem throughout the world. Cu acts in cellular respiration and, as well as Zn, is related to a large number of enzymes. The lack of Zn in the body can cause problems in growth and development. Mn plays a role in bone metabolism in the human body, among other functions. However, in excess, these elements can affect cellular processes and cause various problems, even cancer. 28 These micronutrients were (Table 4) recommended by the World Health Organization, it was possible to confirm that pequi oil is a potential source of Fe, Cu, Mn and Zn.
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After the determination of the analytes, it is important to note that each oil sample had different uses. Oil 1 and oil 2 were obtained from a commercial source, and presumably these samples are meant to be used in pharmaceutical and cosmetic industries. In this case, some of the analytes can be ingested or absorbed by the skin and the correct dosage of FFA and trace elements is a critical point of control that can be assessed by CZE and F AAS analysis, respectively. On the other hand, oil 3 was obtained in a popular market and is used by the local population, usually for cooking. Thus, this sample is ingested directly and monitoring the FFA and trace elements content is important to determine their quality, since there are no strict criteria regarding the production method, time of use and storage. Oil 4 was obtained from fruit in the laboratory. The highest concentration of FFA was found in this sample, indicating that the decomposition of triglycerides occurred during the extraction process.
CONCLUSION
In this study, a fast and simple method for FFA determination in pequi oil samples by CZE was developed. Furthermore, the determination of trace elements by F AAS was performed after acid digestion of the samples, without the use of perchloric acid. Good results were observed in the spike tests, with recoveries from 97 to 107%, indicating good accuracy of the investigated method. The LOD and LOQ values obtained were consistent with the techniques used. It was possible to quantify the micronutrients Fe, Mn, Cu and 5, 25, 26 Zn and FFA (oleic, palmitic and linoleic acids) in different pequi oil samples. Pequi oil can be considered a rich source of trace elements. Oleic acid (an unsaturated FA) was found in high concentrations in the samples. Thus, pequi oil can be characterized as a valuable nutritional source of unsaturated FA and micronutrients. Pequi oil showed good characteristics to be used as a food additive, in cosmetic formulations and in traditional medicine.
